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TO ALL WHOM IT MAY CONCERN: 

20 Be it known that we, DAVID C. KLEIN, M. A. A. NAMBOODIRI, JOAN 

L. WELLER, JEFFREY A. KOWALAK, citizens of the United States of America, 
and ANTHONY K. HO, a citizen of Canada, residing respectively at 6112 Tilden 
Lane, Rockville, Maryland, 20852, 13 Allenhurst Court, Gaithersburg, Maryland 
20878, 14829 Mockingbird Drive, Darnestown, Maryland, 20874, 7105 Rebecca 

25 Drive, Alexandria, Virginia, 22307 in the United States of America and 54 

Cormack Cres., Edmonton, Alberta T6R 2E6, Canada, have invented new and 
useful improvements in 

METHODS AND COMPOSITIONS FOR BISUBSTRATE INHIBITORS 
30 OF ACETYLTRANSFERASES 



for which the following is a specification. 
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METHODS AND COMPOSITIONS FOR BISUBSTRATE INHIBITORS 

OF ACETYLTRANSFERASES 



BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention is directed to the formation and action of a bisubstrate 
inhibitor of an acetyltransferase. In particular, the invention relates to contacting acetyl 
coenzyme A (AcCoA) with an alkylating derivative of an acetyl acceptor substrate in 
10 the presence of an acetyltransferase specific for that substrate to form a bisubstrate 

inhibitor with inhibitory action on that acetyltransferase. This bisubstrate inhibitor can 
be employed in a variety of biological settings to modulate the activity of specific 
acetyltransferases. 

1 5 Background Art 

One of the most common transformations in biology is acetylation. 
Acetyltransferase enzymes act by binding the universal acetyl group donor, acetyl 
coenzyme A (AcCoA), and affecting transfer of the acetyl group to a specific acceptor 

20 substrate, yielding CoA and the corresponding acetylated compound. In contrast to the 
AcCoA donor, acetyl acceptors are diverse and highly varied, ranging in size from 
diamines to proteins. Specificity of acetyl transfer is determined by the highly selective 
and specific "lock and key" binding of narrow groups of acetyl acceptors to 
correspondingly specific acetyltransferase enzymes. Each of these enzymes has a 

25 different and important role in biology. 

An example of an important acetyltransferase is provided by serotonin N- 
acetyltransferase (arylalkylamine N-acetyltransferase, AANAT, E.C. 2.3.1.87), which 
binds AcCo A and a narrow set of arylalkylamines including serotonin, tryptamine, and 
30 phenylethylamine, and releases CoA and the corresponding N-acetyl-arylalkylamine, 
i.e. N-acetylserotonin, N-acetyltryptamine and N-acetylphenylethylamine (1,2) . This 
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enzyme is of biological importance because it is involved in a broad range of biological 
processes through the key role it plays in regulating the synthesis of melatonin (N- 
acetyl 5-methoxytryptamine)(3). 



5 Specific inhibitors of enzymes are of great value as tools and drugs in medicine 

and agriculture. Development of such drugs is a common goal with great commercial 
and practical interest. Efforts to develop inhibitors of acetyltransferases have involved 
the in vitro chemical synthesis of bisubstrate inhibitors, which are compounds that 
share characteristics of CoA and of the specific acetyl group acceptors. A highly potent 
10 bisubstrate inhibitor of AANAT is CoA-S-AT-acetyltryptamine, which binds to the 

catalytic pocket of the enzyme (4 5 5 ). A problem with this type of inhibitor is that CoA 
is expensive, difficult to synthesize and does not pass through the cell membrane 
because it is charged. Accordingly, it is impractical to use CoA compounds as drugs. 

1 5 The present invention overcomes previous shortcomings in this art by providing 

a method of producing a bisubstrate inhibitor within a cell, allowing for the selective 
inhibition of a specific acetyltransferase at the site of its action. The methods of this 
invention can be used in a variety of treatment protocols in which intracellular control 
of the activity of a particular acetyltransferase is desired. 

20 

SUMMARY OF THE INVENTION 

The present invention provides a method of producing a bisubstrate inhibitor in 
a cell, comprising introducing into the cell an alkylating derivative of an acetyl acceptor 
25 substrate for an acetyltransferase present in the cell. 

Further provided is a method of inhibiting the activity of an acetyltransferase in 
a cell, comprising introducing into the cell an alkylating derivative of an acetyl acceptor 
substrate for an acetyltransferase present in the cell under conditions whereby a 
30 bisubstrate inhibitor will be produced, thereby inhibiting the activity of the 
acetyltransferase in the cell. 
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In addition, the present invention provides a method of inhibiting melatonin 
production in a cell which produces melatonin, comprising introducing into the cell an 
alkylating derivative of the acetyl acceptor substrate of AANAT, which can be N- 
bromoacetyltryptamine, N-bromoacetylserotonin, N-bromoacetylphenylethylamine, 
5 N-bromo-acetyl-methoxytryptamine, N-bromoacetyltyramine, N- 

chloroacetyltryptamine, N-chloroacetylserotonin, N-chloroacetylphenylethylamine, 
N-chloro-acetyl-methoxytryptamine, N-chloroacetyltyramine, N- 
fluoroacetyltryptamine, N-fluoroacetylserotonin, N-fluoroacetylphenylethylamine, 
N-fluoro-acetyl-methoxytxyptamine and/or N-fluoroacetyltyramine. 

10 

A method of increasing the amount of serotonin in a cell which produces 
serotonin is also provided herein, comprising introducing into the cell an alkylating 
derivative of the acetyl acceptor substrate of AANAT, which can be N- 
bromoacetyltryptamine, N-bromoacetylserotonin, N-bromoacetylphenylethylamine, 
1 5 N-bromo-acetyl-methoxytryptamine, N-bromoacetyltyramine, N- 

chloroacetyltryptamine, N-chloroacetylserotonin, N-chloroacetylphenylethylamine, N- 
chloro-acetyl-methoxytryptamine, N-chloroacetyltyramine, N-fluoroacetyltryptamine, 
N-fluoroacetylserotonin, N-fluoroacetylphenylethylamine, N-fluoro-acetyl- 
methoxytryptamine and/or N-fluoroacetyltyramine. 

20 

In a further embodiment, the present invention provides a method of treating a 
disorder in a subject caused by a decreased amount of serotonin by administering to the 
subject an alkylating derivative of the acetyl acceptor substrate of AANAT, which can 
be N-bromoacetyltryptamine, N-bromoacetylserotonin, 

25 N-bromoacetylphenylethylamine, N-bromo-acetyl-methoxytryptamine, 

N-bromoacetyltyramine, N-chloroacetyltryptamine, N-chloroacetylserotonin, 
N-chloroacetylphenylethylamine, N-chloro-acetyl-methoxytryptamine, 
N-chloroacetyltyramine, N-fluoroacetyltryptamine, N-fluoroacetylserotonin, 
N-fluoroacetylphenylethylamine, N-fluoro-acetyl-methoxytryptamine and/or N- 

30 fluoroacetyltyramine. 
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Also provided herein is a cell comprising a bisubstrate inhibitor, wherein the 
bisubstrate inhibitor comprises an alkylating derivative of an acetyl acceptor substrate 
for an acetyltransferase present in the cell and CoA. 

5 Various other objectives and advantages of the present invention will become 

apparent from the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figure 1 shows the AANAT-dependent catalytic formation ofCoA-S-N- 

acetyltryptamine from CoA and 7V-acetyltryptamine. 

Figure 2 provides MALDI-TOF-MS evidence of AANAT catalyzed synthesis 
of Co A iSWV-acetyltryptamine. Details of the AANAT incubation in the presence of 
15 CoA ( 20 ^M) and N-bromoacetyltryptamine (20 jiM) are described herein. Where 
AANAT was present, the amount of activity per tube represents 10 pinoles of product 
formed per hour. Samples of chloroform-extracted aqueous samples were used for 
MALDI-TOF analysis, as described herein. The amount of authentic CoA-S-N- 
acetyltryptamine was ~ 10 picomoles. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein, "a" can include multiples. For example, "a" cell can mean a 
single cell or many cells. 

25 

The present invention is based on the surprising discovery that a bisubstrate 
inhibitor which is specific for a particular acetyltransferase can be formed in a cell in 
which the particular acetyltransferase and AcCoA are present by introducing into the 
cell an alkylating derivative of an acetyl acceptor substrate which is specific for the 
30 acetyltransferase to be inhibited. Formation of the bisubstrate inhibitor in the presence 
of the acetyltransferase within the cell occurs at very low concentrations in a highly 
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efficient manner because the enzyme binds and positions the reactants in the most 
favorable position to promote formation of the bisubstrate inhibitor. 

Thus, the present invention provides a method of producing a bisubstrate 
5 inhibitor in a cell, comprising introducing into the cell an alkylating derivative of an 
acetyl acceptor substrate for an acetyltransferase present in the cell. 

The particular acetyltransferase to be targeted for inhibition can be naturally 
produced by the cell or it can be produced in the cell as a result of the introduction into 
10 the cell of a nucleic acid which encodes the acetyltransferase of interest. The nucleic 
^3 acid can be introduced into the cell by any of a variety of mechanisms for introducing 

to exogenous nucleic acid into a cell for expression to yield a specific gene product. Such 

r f Z methods are well known in the art, as described in further detail herein and can include 

in transduction, transfection and/or transformation of the cell as these terms are commonly 

f g 15 known in the art. 

H The present invention additionally provides a method of inhibiting the activity 

[□ of an acetyltransferase in a cell, comprising introducing into the cell an alkylating 

*f derivative of an acetyl acceptor substrate for an acetyltransferase present in the cell 

20 under conditions whereby a bisubstrate inhibitor will be produced, thereby inhibiting 
the activity of the acetyltransferase in the cell. As described herein, the 
acetyltransferase of this method can be naturally produced by the cell or the 
acetyltransferase can be present in the cell as a result of the expression in the cell of an 
exogenous nucleic acid encoding the acetyltransferase. 

25 

The alkylating derivative of the acetyl acceptor substrate for the present 
invention can be a N-bromoacetylated acetyl acceptor substrate, a N-chloroacetylated 
acetyl acceptor substrate and/or a N-fluoroacetylated acetyl acceptor substrate. 
Furthermore, more than one alkylating derivative of an acetyl acceptor substrate can be 
30 introduced into a cell or administered to a subject of this invention, in any combination 
of the alkylating derivatives of an acetyl acceptor substrate of this invention. For 



6 



ATTORNEY DOCKET NO. 14014.0342 

example, two different N-bromoacetylated acetyl acceptor substrates can be 
administered to a cell and/or to a subject, or a N-bromoacetylated acetyl acceptor 
substrate and a N-chloroacetylated acetyl acceptor substrate can be administered to a 
cell and/or to a subject of the present invention. 

5 

As an example, the acetyltransferase of this invention can be, but is not limited 
to, any of the acetyltransferases listed in Table 1 and the alkylating derivative of the 
acetyl acceptor substrate (derivative substrate) of this invention can be, but is not 
limited to, any of the N-bromoacetylated substrate derivatives in Table 1, listed 
10 opposite the respective acetyltransferase upon which it can act in an inhibitory manner. 
However, it is to be understood that the bromoacetyl group of any of the substrate 
derivatives in Table 1 can be substituted for a chloroacetyl group or a fluoroacetyl 
group to produce a substrate derivative of this invention. 

15 As a more specific example, when the acetyltransferase of the present invention 

is serotonin N-acetyltransferase (arylalkylamine N-acetyltransferase (AANAT, E.C. 
2.3.1.87)), which regulates the synthesis of melatonin, the alkylating derivative of the 
acetyl acceptor substrate can be, but is not limited to, N-bromoacetyltryptamine, 
N-bromoacetylserotonin, N-bromoacetylphenylethylamine, N-bromo-acetyl- 

20 methoxytryptamine, N-bromoacetyltyramine, N-chloroacetyltryptamine, 

N-chloroacetylserotonin, N-chloroacetylphenylethylamine, N-chloro-acetyl- 
methoxytryptamine, N-chloroacetyltyramine, N-fluoroacetyltryptamine, 
N-fluoroacetylserotonin, N-fluoroacetylphenylethylamine, N-fluoro-acetyl- 
methoxytryptamine and/or N-fluoroacetyltyramine, as well as any other alkylating 

25 derivative of an acetyl acceptor substrate for AANAT that is now known or later 
identified. 



Thus, the present invention further provides a method of inhibiting melatonin 
production in a cell which produces melatonin, comprising introducing into the cell an 
30 alkylating derivative of the acetyl acceptor substrate of AANAT which can be, but is 
not limited to, N-bromoacetyltryptamine, N-bromoacetylserotonin, 
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N-bromoacetylphenylethylamine, N-bromo-acetyl-methoxytryptamine, 
N-bromoacetyltyramine, N-chloroacetyltryptamine, N-chloroacetylserotonin, 
N-chloroacetylphenylethylamine, N-chloro-acetyl-methoxytryptamine, 
N-chloroacetyltyramine, N-fluoroacetyltryptamine, N-fluoroacetylserotonin, 
N-fluoroacetylphenylethylamine, N-fluoro-acetyl-methoxytryptamine and/or N- 
fluoroacetyltyramine, as well as any other alkylating derivative of an acetyl acceptor 
substrate for AANAT that is now known or later identified. That melatonin production 
has been inhibited in the cell by the method of this invention can be determined 
according to assays well known in the art for measuring melatonin production. 

In addition, the present invention provides a method of increasing the amount of 
serotonin in a cell which produces serotonin, comprising introducing into the cell an 
alkylating derivative of the acetyl acceptor substrate of AANAT which can be, but is 
not limited to, N-bromoacetyltryptamine, N-bromoacetylserotonin, 
N-bromoacetylphenylethylamine, N-bromo-acetyl-methoxytryptamine, 
N-bromoacetyltyramine, N-chloroacetyltryptamine, N-chloroacetylserotonin, 
N-chloroacetylphenylethylamine; N-chloro-acetyl-methoxytryptamine, 
N-chloroacetyltyramine, N-fluoroacetyltryptamine, N-fluoroacetylserotonin, 
N-fluoroacetylphenylethylamine, N-fluoro-acetyl-methoxytryptamine and/or N- 
fluoroacetyltyramine, as well as any other alkylating derivative of an acetyl acceptor 
substrate for AANAT that is now known or later identified. That the amount of 
serotonin in the cell has been increased by the method of this invention can be 
determined according to assays well known in the art for measuring an amount of 
serotonin. 

The present invention also contemplates a method of treating a subject for a 
disorder caused by a decreased amount of serotonin, comprising administering to the 
subject an alkylating derivative of the acetyl acceptor substrate of AANAT which can 
be, but is not limited to, N-bromoacetyltryptamine, N-bromoacetylserotonin, 
N-bromoacetylphenylethylamine, N-bromo-acetyl-methoxytryptamine, 
N-bromoacetyltyramine, N-chloroacetyltryptamine, N-chloroacetylserotonin, 



CO 



8 

ATTORNEY DOCKET NO. 14014.0342 

N-chloroacetylphenylethylamine, N-chloro-acetyl-methoxytryptamine, 
N-chloroacetyltyramine, N-fluoroacetyltryptamine, N-fluoroacetylserotonin, 
N-fluoroacetylphenylethylamine, N-fluoro-acetyl-methoxytryptamine and/or N- 
fluoroacetyltyramine, as well as any other alkylating derivative of an acetyl acceptor 
5 substrate for AANAT that is now known or later identified. 

The disorder caused by a decreased amount of serotonin can be, but is not 
limited to, depression, obsessive compulsive disorder, schizophrenia, mania, 
sleep/wake disorder, panic attack, migraine headache, cluster headache, insomnia, 
10 bipolar disease and/or attention disorder, as well as any other disorder now known or 
later identified to be caused by a decreased amount of serotonin in a subject. 

The subject of this invention can be any animal which produces any of the 
acetyltransferases of this invention naturally or any animal which can produce any of 
15 the acetyltransferases of this invention by expression of exogenous nucleic acid 
encoding an acetyltransferase of this invention. The subject of this invention is 
preferably a mammal and is most preferably a human. 

It would be well understood by one of skill in the art that the substrate 
20 derivatives of this invention can be modified according to protocols well known in the 
art to promote optimal binding and formation of a bisusbstrate inhibitor in a cell 
without nonspecific alkylation. Such modified substrate derivatives can be tested in 
vivo according to standard methods to allow for identification of those substrate 
derivatives with optimal activity and efficacy. 

25 

For example, a substrate derivative of this invention can be administered to a 
subject and the intended specific effect of the drug in the subject can be monitored, 
along with general indices of metabolism as an indication of nonspecific effects. From 
these results, compounds can be identified which have the strongest intended effect 
30 relative to non-specific effects. As a specific example, in the case of arylalkylamine N- 
acetyltransferase, melatonin production by pineal cells can be monitored as an index of 
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a specific effect at the cellular level and protein synthesis, RNA synthesis and cell 
viability can be monitored as indices of non-specific effects at the cellular level. In an 
intact subject, melatonin production can be monitored by measurement of the major 
melatonin metabolite, 6-sulfatoxymelatonin and nonspecific effects can be monitored in 
5 the subject by measuring such parameters as water intake, food intake, weight gain, 
locomotor activity and body temperature. More sophisticated tests can include various 
psychological indices, such as problem solving, memory, and aggressiveness. 



The substrate derivatives of this invention can enter a cell by diffusion through 
1 0 the cell membrane. A particular substrate that is not readily diffusible through the cell 
C3 membrane can be altered according to well known methods to increase solubility of the 

substrate. 



In certain cases in which transport mechanisms exist for cellular uptake of 
1 5 specific substances, including serotonin and amino acids, the substrate derivatives of 
this invention can be altered according to known procedures to facilitate transportation 
of the substrates into a cell through such mechanisms. 



5.3-S 

f Hi 



p It is further contemplated that the substrate derivative of this invention can be 

20 attached to a ligand. For example, a ligand can be attached to the substrate derivative 
in cases where it is desirable to introduce a large peptide, such as a substrate derivative 
of protein or histone acetyltransferases, into a cell. In this situation, a peptide is 
attached to a ligand that is internalized upon binding its receptor, resulting in the 
delivery of the peptide to the interior of the cell as part of the ligand-receptor complex. 

25 

In addition, the present invention provides for the formation of a bisubstrate 
inhibitor in a specific cell type by attaching the substrate derivative of this invention to 
the ligand of a receptor present on a specific target cell. For example, a cancer cell 
might be targeted for bisubstrate inhibitor formation by attaching the substrate 
30 derivative to a ligand which binds a receptor which is abundantly expressed on the 
surface of a specific cancer cell. 
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The ligands of this invention can be attached distal to the alkylating group of 
the substrate derivative by formation of covalent bonds using methods well known in 
the art. 

5 The substrate derivatives employed in the methods of this invention can be 

administered to a cell either in vivo or ex vivo. Thus the substrate derivatives of the 
present invention can be in a pharmaceutically acceptable carrier. By 
"pharmaceutically acceptable" is meant a material that is not biologically or otherwise 
undesirable, i.e., the material may be administered to a subject, along with the nucleic 
10 acid or vector, without causing any undesirable biological effects in a subject or 
interacting in a deleterious manner with any of the other components of the 
pharmaceutical composition in which it is contained. The carrier would naturally be 
selected to minimize any degradation of the active ingredient and to minimize any 
adverse side effects in the subject, as would be well known to one of skill in the art. 



EQ 15 



If ex vivo methods are employed to administer a substrate derivative of this 
invention, cells or tissues can be removed and maintained outside the body according to 
standard protocols well known in the art. The substrate derivative of this invention can 
be introduced into the cells according to mechanisms well known in the art (e.g., 
20 diffusion, receptor mediated endocytosis), as described herein and in the available 

literature. The cells can then be infused (e.g., in a pharmaceutically acceptable carrier) 
or transplanted back into the subject per standard methods for the cell or tissue type. 
Standard methods are known for transplantation or infusion of various cells into a 
subject. 

25 

For in vivo administration, the substrate derivatives can be administered to a 
subject orally, parenterally (e.g., intravenously), by intramuscular injection, by 
intraperitoneal injection, transdermally, extracorporeally, intranasally, topically or the 
like. Delivery can also be directly to any area of the respiratory system (e.g., lungs) via 
30 intubation. The exact amount of the substrate derivative required will vary from 

subject to subject, depending on the species, age, weight and general condition of the 
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subject, the severity of the disorder being treated, the particular substrate derivative 
used, its mode of administration and the like. Thus, it is not possible to specify an 
exact amount for every substrate derivative. However, an appropriate amount can be 
determined by one of ordinary skill in the art using only routine experimentation given 
5 the teachings herein and what is available in the art (21). 

Parenteral administration of the substrate derivative of the present invention, if 
used, is generally characterized by injection. Injectables can be prepared in 
conventional forms, either as liquid solutions or suspensions, solid forms suitable for 
10 solution of suspension in liquid prior to injection, or as emulsions. A more recently 
revised approach for parenteral administration involves use of a slow release or 
sustained release system such that a constant dosage is maintained. See, e.g., U.S. 
Patent No. 3,610,795, which is incorporated by reference herein. 

15 In the methods of the present invention which describe the treatment of a 

disorder by administering a substrate derivative of this invention to a subject, the 
efficacy of the treatment can be monitored according to clinical protocols well known 
in the art for monitoring the treatment of the particular disorder. 

20 For example, a human subject (patient) diagnosed with a depression is treated 

by oral administration of an alkylating derivative of an acetyl acceptor substrate of 
serotonin N-acetyltransferase (AANAT), (e.g., bromoacetyl tryptamine or chloroacetyl 
tryptamine) in a dosage range from about 1 to about 10 mg per kg of body weight, 1 to 
4 times a day. The patient is monitored for general physical signs to evaluate 

25 nonspecific effects of treatment and by analysis of blood chemistry to identify changes 
in salt balance and liver function. Efficacy of the treatment is evaluated using 
standard indices of depression well known in the art of psychiatry. 

A non-human subject is administered a substrate derivative of this invention 
30 orally and/or by subcutaneous injection of the substrate derivative in solution or as a 
suspension, in a dosage range from about 1 to about 10 mg per kg body weight. The 



MS 
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subject is monitored by evaluation of activity cycles, food intake, water intake, general 
behavior, posture and other such parameters as are well known in the art for evaluation 
of non-human subjects. 

5 As described herein, the source of the acetlytransferase in a cell of this 

invention can be an exogenous nucleic acid (RNA and/or DNA) encoding the 
acetyltransferase. Thus, the nucleic acid of the present invention can be in a 
pharmaceutically acceptable carrier and can be delivered to cells in vivo and/or ex vivo 
by a variety of mechanisms well known in the art (e.g., uptake of naked DNA, viral 
10 infection, liposome fusion, intramuscular injection of DNA via a gene gun, 
endocytosis, etc.). 

If ex vivo methods are employed to administer a nucleic acid encoding an 
acetyltransferase, cells or tissues can be removed from a subject and maintained outside 

15 the subject's body according to standard protocols well known in the art. The nucleic 
acid of this invention can be introduced into the cells via any nucleic acid transfer 
mechanism, such as, for example, virus-mediated nucleic acid delivery, calcium 
phosphate mediated nucleic acid delivery, electroporation, microinjection or 
proteoliposomes. The transduced cells can then be infused (e.g., in a pharmaceutically 

20 acceptable carrier) or transplanted back into the subject per standard methods for the 
cell or tissue type. Standard methods are well known for transplantation or infusion of 
various cells into a subject. 

The cell to which the nucleic acid of this invention can be administered can be 
25 any cell which can take up and express exogenous nucleic acid encoding an 

acetyltransferase and can produce an acetyltransferase which is functional within the 
cell. 



30 



It is contemplated that the methods described above can include the 
administration and uptake of exogenous nucleic acid into the cells of a subject in vivo 
(i.e., via transduction or transfection). Such nucleic acid can be in the form of a naked 
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nucleic acid or the nucleic acid can be in a vector for delivering the nucleic acid to the 
cells for expression of the nucleic acid encoding the acetyltransferase inside the cell. 
As one example, the vector can be a commercially available preparation, such as an 
adenovirus vector (Quantum Biotechnologies, Inc. (Laval, Quebec, Canada). Delivery 
5 of the nucleic acid or vector to cells can be via a variety of mechanisms, such as, via a 
liposome, using commercially available liposome preparations (e.g., LIPOFECTIN, 
LIPOFECT AMINE (GIBCO-BRL, Inc., Gaithersburg, MD), SUPERFECT (Qiagen, 
Inc. Hilden, Germany) and TRANSFECTAM (Promega Biotec, Inc., Madison, WI)), as 
well as other liposomes developed according to procedures standard in the art. In 
10 addition, the nucleic acid or vector of this invention can be delivered in vivo by 

C3 electroporation, the technology for which is available from Genetronics, Inc. (San 

Diego, CA) as well as by means of a SONOPORATION machine (ImaRx 

lZ Pharmaceutical Corp., Tucson, AZ). 

CO 

rfi 15 The vector delivery of this invention can be via a viral system, such as a 



retroviral vector system which can package a recombinant retroviral genome (14,15). 
The recombinant retrovirus can then be used to infect and thereby deliver to the 
infected cells the nucleic acid encoding the acetyltransferase. The exact method of 
introducing the nucleic acid into mammalian cells is, of course, not limited to the use of 

20 retroviral vectors. Other techniques are widely available for this procedure including, 
but not limited to, the use of adenoviral vectors (16), adeno-associated viral (AAV) 
vectors (17), lentiviral vectors (18) and/or pseudotyped retroviral vectors (19). Physical 
transduction techniques can also be used, such as liposome delivery and receptor- 
mediated and other endocytosis mechanisms (20). This invention can be used in 

25 conjunction with any of these or other commonly used nucleic acid delivery methods. 

The nucleic acid or vector of this invention can be administered parenterally 
(e.g., intravenously), by intramuscular injection, by intraperitoneal injection, 
transdermally, extracorporeally, intranasally, topically or the like. Delivery can also be 
30 directly to any area of the respiratory system (e.g., lungs) via intubation. The exact 
amount of the nucleic acid or vector required will vary from subject to subject, 
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depending on the species, age, weight and general condition of the subject, the severity 
of the disorder being treated, the particular nucleic acid or vector used, its mode of 
administration and the like. Thus, it is not possible to specify an exact amount for 
every nucleic acid or vector. However, an appropriate amount can be determined by 
5 one of ordinary skill in the art using only routine experimentation given the teachings 
herein (21). 

As one example, if the nucleic acid of this invention is delivered to the cells of a 
subject in an adenovirus vector, the dosage for administration of adenovirus to humans 
10 can range from about 10 7 to 10 9 plaque forming unit (pfu) per injection, but can be as 
high as 10 12 pfu per injection (22,23). 

Parenteral administration of the nucleic acid or vector of the present invention, 
if used, is generally characterized by injection. Injectables can be prepared in 
15 conventional forms, either as liquid solutions or suspensions, solid forms suitable for 
solution of suspension in liquid prior to injection, or as emulsions. A more recently 
revised approach for parenteral administration involves use of a slow release or 
sustained release system such that a constant dosage is maintained. See, e.g., U.S. 
Patent No. 3,610,795, which is incorporated by reference herein. 

20 

In a further embodiment, the present invention provides a cell comprising a 
bisubstrate inhibitor, wherein the bisubstrate inhibitor comprises an alkylating 
derivative of an acetyl acceptor substrate for an acetyltransferase present in the cell and 
CoA. As described herein, the cell can produce the acetyltransferase naturally or as the 
25 result of expression of an exogenous nucleic acid encoding the acetyltransferase. 

The cell of this invention can comprise an alkylating derivative of the acetyl 
acceptor substrate which can be a N-bromoacetylated acetyl acceptor substrate, a N- 
chloroacetylated acetyl acceptor substrate and/or a N-fluorbacetylated acetyl acceptor 
30 substrate. Furthermore, the cell of this invention can be in vivo or ex vivo and can thus 
be present in a pharmaceutical^ acceptable carrier. 
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For example, in a cell of this invention wherein the acetyltransferase is 
arylalkylamine N-acetyltransferase (AANAT), the alkylating derivative of the acetyl 
acceptor substrate of AANAT can be, but is not limited to, N-bromoacetyltryptamine, 
N-bromoacetylserotonin, N-bromoacetylphenylethylamine, N-bromo-acetyl- 
5 methoxytryptamine, N-bromoacetyltyramine, N-chloroacetyltryptamine, N- 
chloroacetylserotonin, N-chloroacetylphenylethylamine, N-chloro-acetyl- 
methoxytryptamine, N-chloroacetyltyramine, N-fluoroacetyltryptamine, N- 
fluoroacetylserotonin, N-fluoroacetylphenylethylamine, N-fluoro-acetyl- 
methoxytryptamine and/or N-fluoroacetyltyramine, as well as any other alkylating 
10 derivative of an acetyl acceptor substrate for AANAT that is now known or later 

identified. Furthermore, such a cell, wherein the acetyltransferase is AANAT, can be a 
pineal gland cell, a retinal cell (e.g., a photoreceptor cell and/or ganglion cell), or any 
Hz other cell now known or later identified to naturally produce AANAT or to be capable 

In of expressing an exogenous nucleic acid encoding AANAT. 

H 15 

It is also contemplated that the alkylating derivatives of the acetyl accepting 
-■d substrates of acetyltransferases of this invention be used to modulate the acetylation of 

~5 certain drugs which are inactivated by acetylation, thereby prolonging the effectiveness 

P of the drug and/or minimizing adverse reactions which result from acetylation of 

20 certain drugs. 

In particular, it is well known that certain drugs are inactivated by acetylation 
which occurs during the normal course of metabolism of the drug in a subject. This 
inactivation by acetylation can be blocked by a substrate derivative of this invention 
25 which forms a bisusbstrate inhibitor of the inactivating acetyltransferase, thereby 
prolonging the effectiveness of the drug. 

Furthermore, it is well documented that a variety of adverse drug reactions are 
due to acetylation of certain drugs in the cells of a subject. For example, Table 4 shows 
30 a list of drugs which are known to act as substrates for the liver N-acetyltransferase, 
arylamine N-acetyltransferase (E.C. 2.3.1.5) and the table matches these drugs with 
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adverse reactions which have been reported to result from acetylation of these drugs 
(i.e., activation to a form that produces adverse effects). 

The level of this enzyme in people is genetically determined, resulting in the 
classification of individuals as high acetylators or acetylators. Accordingly, the rate at 
which these drugs are acetylated when administered will vary significantly. Patients 
can be pheno typed prior to administration of the drug for identification as either a high 
or low level acetylator. (The heading in Table 4: Phenotyping Assay identifies those 
drugs which have been used to pheno type individuals). The resulting dosage of drug 
administered to the patient is a balance between reduced side effects and optimal drug 
concentration. 

Co-administration of these drugs and an alkylating derivative of a drug that 
would generate a bisubstrate inhibitor of arylamine N-acetyltransferase 2.3.1.5 (e.g., 
isoniazid and N-bromoacetylisoniazid; hydralizine and N-bromoacetylhydralizine; 
sulfamethazine and N-bromoacetylsulfamethazine; phenetidine and N- 
bromoacetylphenetidine) would allow higher concentrations of the drug to be 
administered with reduced or no side effects. 

Thus, the present invention provides a method for prolonging the effectiveness 
of a drug in a subject, comprising co-administering to the subject an effective amount 
of the drug and an alkylating derivative of an acetyl acceptor substrate which is specific 
for an acetyltransferase which acetylates (and thereby inactivates) the drug. 

Additionally, the present invention provides a method for reducing or 
preventing an adverse reaction to a drug which is caused by acetylation of the drug in a 
subject, comprising co-administering to the subject an effective amount of the drug and 
an effective amount of an alkylating derivative of the drug. 
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The present invention is more particularly described in the following examples 
which are intended as illustrative only since numerous modifications and variations 
therein will be apparent to those skilled in the art. 

5 EXAMPLES 

Reagents. Af-Bromoacetyltryptamine and CoA-iS-A^-acetyltryptamine were 
synthesized following published methods (4) and provided by Research Biochemicals, 
Co. through the National Institute of Mental Health's Drug Synthesis Program. Pineal 
10 glands were obtained from male Sprague-Dawley rats (150 gm, University of Alberta 
Animal unit). Other chemicals and supplies were obtained from commercial sources, 
except for recombinant AANAT, which was prepared as described below. 

Preparation of AANAT. Preparation of bacterial colonies containing 
15 recombinant AANAT DNA was done essentially as described (5). After centrifiigation, 
cells from 4 liters of bacterial cultures were resuspended in 200 ml lysis buffer 1 (2 x 
phosphate-buffered saline [PBS], 10 mM dithiothreitol [DTT], 1 mM EDTA) and 
stored at -80°C. After thawing, cells were lysed by sonication at 4°C followed by 
centrifiigation at 100,000 x g for 45 min. Twenty milliliters of glutathione 
20 SEPHAROSE 4B (Pharmacia), previously equilibrated in 1 x PBS, was added to the 
supernatant, and the slurry was mixed at 4°C for lhr. The resin was then poured into a 
100 ml column (BioRad) and washed with 10 column volumes of buffer 2 (1 x PBS, 
0.5M NaCl, 10 mM DTT, 1 mM EDTA) followed by 10 column volumes of buffer 3 
(20 mM Tris [pH 7.5], 0.5 M NaCl, 10 mM DTT, 1 mM EDTA, 10% glycerol ). The 
25 protein was eluted using 10 mM glutathione in buffer 3 (pH adjusted to 8). Fractions 
containing the fusion protein (evaluated by absorption at 280 nm) were combined and 
dialyzed against buffer 3. 
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The dialyzed preparation was incubated with thrombin (1 unit/ml., Boehringer 
Mannheim) at 4°C for 12 hours. The digested sample was mixed with a suspension of 
glutathione-SEPHAROSE and benzamidine-SEPHAROSE and incubated for 2 hours 
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with gentle mixing. The gel/enzyme mixture was poured into an empty column; the gel 
was retained and the flow-through fraction, which contained enzyme activity, was 
collected and concentrated. The concentrated sample was further purified by 
fractionation on a size exclusion column (TSK 3000, Toyasoda) equilibrated with 
5 buffer 3. The fractions containing the enzyme activity were pooled, concentrated and 
stored in 0.05 to 0.5 ml aliquots at - 80°C. The specific activity of this preparation was 
1.5 mmoles/h/mg protein. 



AANAT assay: The specific activity of the AANAT preparation was 
10 determined from measurement of the activity of the enzyme and amount of protein in a 
preparation. Activity was assayed by incubating the enzyme with 3 H-acetyl Co A (0.5 
mM, 4jjCi/nmole) and tryptamine hydrochloride (1 mM) , bovine serum albumin (0.5 
mg/ml) and the enzyme in total volume of 100 \i\ of sodium phosphate (0.1M, pH 6.8) 
(6,7). The incubation was terminated by extracting the product 3 H-acetyltryptamine 
15 with chloroform (1 ml). The chloroform phase was washed sequentially with 200 |il of 
the sodium phosphate buffer and twice with 200 pi of NaOH (IN). The radioactivity in 
400 jlxI of the chloroform phase was determined following evaporation of chloroform 
under vacuum. Protein was measured by optical density at 280 nm and by dye binding 
using the Brandford procedure. 

20 

Mass spectral analysis*. Matrix assisted laser desorption/ionization time-of- 
flight mass spectrometry (MALDI-TOF MS) analysis was done by mixing 1 of the 
aqueous phase from the chloroform extraction with an equal volume of a- 
cyano-4-hydroxycinnamic acid (saturated in 50% CH 3 CN, 0.1% TFA). The mixture 
25 was applied to the MALDI-TOP MS stage. Mass spectra were acquired in negative ion 
mode on a PerSeptive Biosystems Voyager DE mass spectrometer (8,9). Each 
spectrum represents the summed average of 100 laser shots. 
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Pineal cell preparation and treatment: Pinealocytes were prepared from rat 
pineal glands by trypsinization as previously described (10). The cells were suspended 
in Dulbecco's modified Eagle medium (DMEM) containing 10% fetal calf serum and 
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maintained (37°C) for 18 h in a gas mixture of 95% air and 5% C0 2 . During this 18 
hour period, some cells were treated, as indicated in Table ^ experiment 2, in aliquots 
of 50,000 cells/300 \il and washed prior to addition of fresh medium and further 
treatment. In some cases, as in Table 3, experiment 1, cells were not aliquoted until 
5 after 18 hours of control incubation and in these cases, aliquots of cells (50,000 
cells/300 jjlI) were prepared and treated with drugs. Drugs were prepared in lOOx 
concentrated solutions in water or dimethyl sulfoxide. The duration of the drug 
treatment was 5 h. 

10 At the end of treatment period, cells were collected by centrifugation (2 min, 

C3 10,000g) and the medium was removed and stored. Cell pellets were frozen 

, p immediately in dry ice and stored at -80° C until determination of AANAT activity. 

1*2 The supernatant collected was used for determination of melatonin. 

iff - 

Iq 15 Melatonin analysis. Melatonin in the medium was determined by a 

radioimmunoassay as described previously (11,12). Briefly, melatonin was extracted 
* J from 300 jal of medium by vortexing with 1 ml of methylene chloride. After 

f § centrifugation, 700 |il of the organic phase was collected and evaporated to dryness. 

;«f The residue was reconstituted in 500 jil of assay buffer (0.01M phosphate buffer, pH 

20 7.5, containing 0. 1 % gelatin). 

An ultraspecific melatonin antiserum from CIDtech Research Inc. (Mississauga, 
Ontario Canada) was used for the melatonin radioimmunoassay. Aliquots of extracted 
melatonin samples were diluted to 500 (il with assay buffer. 100 |il of melatonin 

25 antiserum and 50 \xl of [ 3 H]melatonin (~2000cpm, at 45.5Ci/mmol) were then added. 
After mixing, the tubes were incubated at 4°C overnight. To separate the bound from 
the free [ 3 H] melatonin, 650 |Ltl of saturated ammonium sulphate were added and the 
samples were incubated at 4°C for 1 hr. The bound [ 3 H]melatonin was collected in a 
protein pellet by centrifugation (4,000g x 30 min) and re-dissolved in 550 of 

30 deionized water. 500 |il was then used for scintillation counting. Both inter- and intra- 
assay variability were less than 10 %. 
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Incubations to study formation of CoA-S-N-acetyltryptamine. 
-Bromoacetyltryptamine (20 jiM) was incubated (37°C, 30 min) with coenzyme A (20 
|iM), bovine serum albumin (0.5 mg/ml) and the enzyme in a total volume of 100 |il of 
Tris HC1 (50 mM, pH 7.4) and the incubation was terminated by adding chloroform (1 
5 ml) and vortexing. The aqueous phase was then removed. Samples of the aqueous 
phase from each chloroform extraction were analyzed by mass spectroscopy and for 
inhibitory activity in an AANAT assay. 

AANAT catalyzes the formation of CoA-S-N-acetyltryptamine from N- 
10 bromoacetyltryptamine and CoA. MALDI-TOF MS analysis revealed that a sample 
containing -10 picomoles of authentic synthetic Co A-S-Af-acetyltrypt amine generates a 
f| spectral pattern characterized by a strong peak at 967 m/z. A compound generating a 

'} y peak with the same m/z was also present in samples of AANAT incubated with CoA 

« 

C3 and A^-bromoacetyltryptamine. This compound was not present in samples that did not 

In 

rn 15 contain AANAT, nor in those that did not contain CoA, nor in those that did not 
^ y contain A^bromoacetyltryptamine, nor in samples that contained boiled AANAT, nor in 

C3 those that were not incubated. An inactive form of AANAT which carries a Y168F 

?:1 mutation (13) was also shown not to catalyze the formation of CoA-S-N- 

G acetyltryptamine in this type of experiment. The results in Figure 2 provide physical 

h± 20 evidence that active AANAT catalyzes the formation of the potent AANAT inhibitor 
CoA-S-Af-acetyltryptamine from CoA and A^-bromoacetyltryptamine. 

This conclusion was supported by the biochemical evidence from experiments 
in which the aqueous extracts analyzed above were incubated with a fresh preparation 
25 of AANAT in an AANAT assay. Inhibitory activity of the extract was determined. It 
was found that there was a direct correlation between the levels ofCoA-S-N- 
acetyltryptamine in the samples from Figure 2 and the ability to inhibit AANAT 
activity (Table 2). 
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The physical and biochemical evidence above indicate that AANAT catalyzes 
the formation of the potent AANAT inhibitor CoA-iS-Af-acetyltryptamine from CoA and 
7V-bromoacetyltryptamine. 
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N-Bromoacetyltryptamine treatment of rat pine alocytes inhibits melatonin 
production. Experiments were conducted to determine if N-bromoacetyltryptamine 
could inhibit production of melatonin. This was done using rat pinealocytes in which 
melatonin production was elevated by treatment with norepinephrine, which acts by 
5 elevating the activity of AANAT. 



It was found that a 5 hour treatment with 0.1, 0.5 or 1 fiM concentration of N- 
bromoacetyltryptamine markedly reduced the production of melatonin (Table 3). The 
effect of an 18 hour treatment with 0.5 p.M A^-bromoacetyltryptamine was examined. 

10 Following the 18 hour treatment, the medium was changed and fresh medium was 
added. Following this treatment, cells responded to norepinephrine treatment with an 
increase in melatonin production and AANAT activity. This indicates that an 1 8 hour 
treatment with 0.5 |iM A^-bromoacetyltryptamine is not cytotoxic and that inhibition of 
melatonin production seen in norepinephrine-treated cells reflects the effect of CoA-5- 

1 5 Af-acety ltryptamine on melatonin production and does not reflect cell death. 

Although the present process has been described with reference to specific 
details of certain embodiments thereof, it is not intended that such details should be 
regarded as limitations upon the scope of the invention except as and to the extent that 
20 they are included in the accompanying claims. 

Throughout this application, various publications are referenced. The 
disclosures of these publications in their entireties are hereby incorporated by reference 
into this application in order to more fully describe the state of the art to which this 
25 invention pertains. 
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TABLE 1. 



Enzyme 
Code# 


Enzyme 


Inhibitor 


2.3.1.1 


Amino-acid N-acetyltransferase. 


N-bromoacetyl amino acids 


2.3.1.2 


Imidazole N-acetyltransferase. 


N-bromoacetylimidazole 


2.3.1.3 


Glucosamine N-acetyltransferase. 


N-bromoacetylglucosamine 


2.3.1.4 


Glucosamine-phosphate 
N-acetyltransferase. 


N-bromoacetyl- 
glucosaminephosphate 


2.3.1.5 


Arylamine N-acetyltransferase. 


N-bromoacetylphenetidine 
N-bromoacetylisoniazid 


2.3.1.6 


Choline O-acetyltransferase. 


O-bromoacetylcholine 


2.3.1.7 


Carnitine O-acetyltransferase. 


O-bromoacetylcarnitine. 


2.3.1.11 


Thioethanolamine 
S-acetyltransferase. 


S-bromoacetyl- 
thioethanolamine 


2.3.1.12 


Dihydrolipoamide 
S-acetyltransferase. 


S-bromoacetyl- 
Dihydrolipoamide 


2.3.1.13 


Glycine N-acyltransferase. 


N-bromoacetylglycine 


2.3.1.14 


Glutamine 

N-phenylacetyltransferase. 


N-bromophenylacetyl- 
glutamine 


2.3.1.15 


Glycerol-3-phosphate 
O-acyltransferase. 


O-bromoacetylglycerol-3- 
phosphate 


2.3.1.17 


Aspartate N-acetyltransferase. 


N-bromoacetylaspartate 


2.3.1.18 


Galactoside O-acetyltransferase. 


O-bromoacetylgalactoside 


2.3.1.21 


Carnitine O-palmitoyltransferase. 


O-bromopalmitoylcarnitine 


2.3.1.24 


Sphingosine N-acyltransferase. 


N-bromoacetylsphingosine 


2.3.1.27 


Cortisol O-acetyltransferase. 


O -bromoacetylcortisol 


2.3.1.28 


Chloramphenicol 
O-acetyltransferase. 


O -bromoacetyl- 
chloramphenicol 


2.3.1.29 


Glycine C-acetyltransferase. 


C-bromoacetylglycine 


2.3.1.30 


Serine O-acetyltransferase. 


O-bromoacetylserine 


2.3.1.31 


Homoserine O-acetyltransferase. 


O-bromoacetylhomoserine 
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TABLE 1. (Cont'd) 



Enzyme 
Code# 


Enzyme 


Inhibitor 


2.3.1.32 


Lysine N-acetyltransferase. 


N-bromoacetyllysine 


2.3.1.33 


Histidine N-acetyltransferase. 


N-bromoacetylhistidine 


2.3.1.34 


D-tryptophan N-acetyltransferase. 


N-bromoacetyl D-tryptophan 


2.3.1.35 


Glutamate N-acetyltransferase. 


N-bromoacetylglutamate 


2.3.1.36 


D-amino-acid 
N-acetyltransferase. 


N-bromoacetyl D-amino 
acids 


2.3.1.46 


Homoserine 
O-succinyltransferase. 


O-brompsuccinylhomoserine 


2.3.1.50 


Serine C-palmitoyltransferase. 


C-bromopalmitoylserine 


2.3.1.51 


1 -acylglycerol-3 -phosphate 
O-acyltransferase. 


O-bromoacetyl 1- 
acylglycerol-3-phosphate 


2.3.1.52 


2-acvl *?1 vcerol-3-nhosnhate 
O-acyltransferase. 


O-bromo acetvl 2- 
acylglycerol-3 phosphate 


2 3 1 53 


Pnpnvl alanine 

N-acetyltransferase. 


N-hromoacetvlnhenvl alanine 


2.3.1.54 


Kormate CI -acetvl transferase 


O-bromo acetvl form ate 


2.3.1.56 


Aromatic-hydroxylamine 
O-acetyltraiisferase. 


O-bromoacetyl aromatic 
hydroxylamines 


2.3.1.57 


Diamine N-acetyltransferase. 


N-bromoacetyldiamines 
including spermidine and 
spermine 


2.3.1.59 


Gentamicin 
2 f -N-acetyltransferase. 


2 , -N-bromoacetyl gentamicin 


2.3.1.60 


Gentamicin 
S'-N-acetyltransferase. 


3'-N-bromoacetyl gentamicin 


2.3.1.61 


Dihydrolipoamide 
S-succinyltransferase. 


S-bromosuccinyl 
dihydrolipoamide 
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TABLE 1. (Cont'd) 



Enzyme 
Code# 


Enzyme 


Inhibitor 


2.3.1.64 


Agmatine 

N4-coumaroyltransferase. 


N4-bromocoumaroyl- 
agmatine 


2.3.1.65 


Glycine N-choloyltransferase. 


N-bromocholoylglycine 




J^CUAsillC/ <l^CLy lLI«llolCt<XoC. 


r\ -unjiiiuducLy ucul<iiic 


2.3.1.68 


Glutamine N-acyltransferase. 


N-bromoacetylglutamine 


2.3.1.71 


Glycine N-benzoyltransferase. 


N-bromobenzoylglycine 


2.3.1.80 


Cysteine-S-conjugate 
N-acetyltransferase. 


N-bromoacetyl cysteine-S- 
conjugate 


2.3.1.81 


Aminoglycoside 
N3 f -acetyltransferase. 


N-bromoacety 1-N3 
aminoglycoside 


2.3.1.82 


Kanamycin 
6-N-acetyltransferase. 


6 ' -N-bromoacety 1- 
kanamycin 


2.3.1.87 


Aralkylamine 
N-acetyltransferase. 


N-bromoacetyltryptamine 

N-bromoacetyl- 

phenyethylamine 


2.3.1.88 


Peptide 

alpha-N-acetyltransferase. 


Alpha-N-bromoacetyl 
peptide 


2.3.1.102 


N6-hydroxylysine 
O-acetyltransferase. 


O-bromoacetyl N6- 
hydroxylysine 


2.3.1.104 


1-alkenyl- 

glycerophosphocholine O- 
acyltransferase 


O-bromoacetyl 1-alkenyl- 
Glycerophosphocholine 


2.3.1.109 


Arginine N-succinyltransferase. 


N-bromosuccinylarginine 


2.3.1.110 


Tyramine N-feruloyltransferase. 


N-bromoferuloyltyramine 


2.3.1.112 


D-tryptophan 
N-malonyltransferase. 


N-bromomalonyl-D- 
tryptophan 


2.3.1.113 


Anthranilate 
N-malonyltransferase. 


N-bromomalonylanthranilate 
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TABLE 1. (Cont'd) 



Enzyme 
Code# 


Enzyme 


Inhibitor 


2.3.1.114 


3 ,4-dichloroaniline 
N-malonyltransferase . 


N-bromomalonyl 3,4- 
dichloro ani line 


Oil 1 1 O 

2.3.1.1 lo 


N-hydroxyarylamine 
O-acetyltransferase. 


O-bromoacetyl N- 
hydroxyarylamines 


2.3.1.127 


Ornithine N-benzoyltransferase. 


N-bromobenzoylorni thine 


2.3.1.133 


Snikimate 

O-hydroxycinnamoyltransferase. 


O-bromohydroxycinnamoyl- 
shikimate 


O O 1 IOC 

2.3.1.135 


Phosphatidylcholine—retinol 
O-acyltransferase. 


O-bromoacetylphosphatidyl- 
choline -retinol 


2.3.1.137 


Carnitine O-octanoyltransferase. 


O-bromo-octanoylcarnitine 


2.3.1.139 


Ecdysone O-acyltransferase. 


O-bromoacetylecdysone 


2.3.1.144 


Anthranilate 
N-benzoyltransferase. 


N-bromobenzoylanthranilate 


2.3.1.145 


Piperidine N-piperoyltransferase. 


N-bromopiperoyl-piperidine 


2.3.1.150 


Salutaridinol 
7-O-acetyltransferase. 


7-O-bromoacetyl- 
salutaridinol 
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TABLE 2. AANAT-catalyzed synthesis of its inhibitor from Co A and N- 
bromoacetyltryptamine. To determine if the chloroform extracted aqueous phases of the 
reactions from Figure 2 contained compounds that inhibited AANAT activity, a 20 jlxI 
sample was added to a 100 jxl AANAT assay, as described herein. 



Pre-AANAT assay reaction conditions 


AANAT Activity (% of control) 


Complete 


38% 


Minus /V-bromoacetyltryptamine 


98% 


Minus CoA 


107% 


Zero time 


110% 


Boiled enzyme 


104% 
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TABLE 3. Effect of A'-bromoacetyltryptamine on melatonin production by 
norepinephrine-treated pinealocytes and effects on stimulation of AANAT activity. 
Cells were prepared and treated as described herein. Experiment 1 shows that 0.1 or 
1 .0 |iM TV-bromoacetyltryptamine treatment inhibits melatonin production during a 5 
hour test period. Experiment 2 shows that, after an 18 hour treatment period with 0.5 

A^-bromoacetyltryptamine(B AT) and subsequent wash out to remove the drug, 
pinealocytes are still able to respond to norepinephrine (NE) with an increase in 
AANAT activity, indicating that they have not been killed by prior treatment. 



Experiment 1. 



Treatment of pinealocytes in culture 
(18-24 hours) 


Melatonin production 
(pmol/l 00,000 cells, 18-24 
hours) 


Control 


Not detectable 


Norepinephrine (10 \iM) 


12.43 ±2.00 


7V-Bromoacetyltryptamine (1 p,M) 


0.65 ± 0.05 


Norepinephrine (10 \iM) 

+AM3romoacetyltryptamine (1 |iM) 


0.95 ± 0.25 


Norepinephrine (10 (iM) 

+AT-Bromoacetyltryptamine (0.1 (iM) 


4.55 ± 0.04 



Experiment 2. 



Treatment I 
(0-18 hr) 


Treatment II 
(18-23 hr) 


Melatonin (18-23 hr) 
(pmole/10 5 cells) 


AANAT (23 hr) 
(umol/h/105 cells) 


DMSO 


Control 


1.12 ±0.31 


ND 


DMSO 


NE 10 hM 


10.44 ± 1.07 


0.89 ±0.10 


DMSO 


NE 10 *iM 
+ BAT 
(0.5uM) 


1.88 ±0.82 


0.48 ± 0.05 


BAT (0.5 uM) 


Control 


1.78 ±0.14 


ND 


BAT (0.5 nM) 


NE(10nM) 


12.22 ±2.90 


0.86 ± 0.06 
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TABLE 4. MEDICATIONS ACTIVATED BY N-ACETYLTRANSFERASE 

SOME EXAMPLES 



Medication 



Adverse Drug Reaction Reported Phenotyping Assay 



Isoniazid 

Hydralazine 

Procainamide 

Dapsone 

Caffeine 

Clonazepam 

Aminoglutethamide 

Sulfamethazine 

Sulfapyridine 

Amrinone 



Peripheral neuropathy, liver 
disease 

Lupus, uncontrolled hypertension 
Lupus, uncontrolled arrhythmias 
Hematological 



Adrenal insufficiency 
Hematological/Gastrointestinal 



+ 



